Objective: To evaluate the Gen-Probe(R) Amplified Mycobacterium tuberculosis Direst Test (MTD) for detection of Mycobacterium tuberculosis in clinical specimens other than sputum, especially cerebrospinal fluid (CSF) and pleural fluid (PF) specimens.
Introduction
Detection of Mycobacterium tuberculosis in clinical specimens is most important in making a diagnosis of tuberculosis, whereas existing smear and culture examinations are insufficient in sensitivity and rapidity. Therefore a rapid and sensitive method for detection of M. tuberculosis has been strongly desired, especially for diagnosis of tuberculous meningitis which requires prompt initiation of anti-tuberculosis drug treatment, tuberculosis complicating an immunocompromised host, and pulmonary tuberculosis which is difficult to differentiate from lung cancer.
A new rapid M. tuberculosis detection method, Gen-Probe(R) Amplified Mycobacterium Tuberculosis Direct Test (MTD), which provides direct detection of M. tuberculosis in clinical specimens without prior culturing, was recently developed by Gen-Probe Inc. (San Diego, Calif., USA). In this test, M. tuberculosis ribosomal RNA (rRNA) is amplified, and the amplification products (RNA) are hybridized with an M. tuberculosis-specific DNA probe to produce an RNA-DNA hybrid which is determined by hybridization protection assay. The sensitivity and specificity of MTD in detection of M. tuberculosis have been studied by several research groups, and its usefulness has been verified in sputum specimens1)-5). We have reported two cases of tuberculous meningitis rapidly diagnosed by MTD6). There are few data, however, on pleural fluid (PF) specimens and bronchoalveolar lavage
In the present study, MTD and conventional smear and culture examinations were performed on CSF, PF and BALF specimens, and the sensitivity and specificity of detection of M. tuberculosis by MTD were compared with those obtained by culture on Ogawa egg medium or in liquid medium (MB-Check). Detection of M. tuberculosis in CSF by MTD: As shown in Table 1 , two of 6 smear-negative CSF specimens were MTD positive and in the cultures growth of M. tuberculosis appeared about 4 wk later. Thus, the two patients whose CSF specimens were MTD positive were rapidly diagnosed as having tuberculous meningitis, and prompt initiation of appropriate therapy against tuberculous meningitis and miliary tuberculosis resulted in good prognosis of the diseases. The other 4 patients, whose CSF specimens were MTD negative and culture negative, were later diagnosed as having multiple sclerosis (2 patients) or conventional bacterial meningitis (2 patients) according to their clinical records. Detection of M. tuberculosis in PF by MTD:
MTD was compared with conventional smear and culture examinations for specificity and sensitivity of detection of M. tuberculosis in PF specimens ( Table 2 ). Among 17 PF specimens, one was positive in MTD as well as in smear and culture examinations, one was negative in MTD and smear examination but positive in culture,and two of 15 smear-and culture-negative specimens were positive in MTD. The PF specimen which was culture positive but considered to be MTD negative showed a signal of 22,381 RLU in MTD, which is close to the cutoff value of 30,000 RLU. The two patients whose PF specimens were MTD positive but smear-and culture-negative were diagnosed as having tuberculous pleuritis, since one patient's PF specimen contained 63.41 IU of adenosine deaminase (ADA) per liter and the other patient occasionally expectorated culture-negative but smear-positive sputum. By referring to the clinical records of the patiens later, it was found that among 13 PF specimens, which were negative in MTD and in smear and culture examinations, 9 specimens were obtained from 3 patients with lung cancer, 2 patients with bacterial pleuritis, 1 patient with heart failure, 1 patient with pancreatis or 1 patient with chylothorax (2 specimens), and the remaining 4 specimens were from patients clinically diagnosed as having tuberculous pleuritis. Detection of M. tuberculosis in BALF by MTD:
As shown in Table 3 , among 23 BALF specimens, two smear-and culture-positive specimens and one smear-negative but culture-positive specimen was MTD negative, and three of 20 smear-and Table 1 Comparison of MTD with conventional smear and culture examinations in sensitivity of detection of M. tuberculosis in cerebrospinal fluid specimens
The 4 patients whose CSF specimens were negative in MTD as well as in smear and culture examinations were later found to be diagnosed as having multiple sclerosis (2 cases) or conventional bacterial meningitis (2 cases) by referring to their clinical records. By referring to the clinical records of the patients later, it was found that among these 13 PF specimens, 9 specimens were from 3 patients with lung cancer, 2 patients with bacterial pleuritis, 1 patient with heart failure, 1 patient with pancreatis or 1 patient with chylothorax (2 specimens), and the remaining 4 specimens were from patients clinically diagnosed as having tuberculous pleuritis. The two BALF specimens were obtained from one patient at different times.
Referring to the clinical records of the patients later, it was found that among these 17 BALF specimens, 14 specimens were from 7 patients with lung cancer or 7 patients with pneumonia and the remaining 3 specimens were from patients clinically diagnosed as having pulmonary tuberculosis.
culture-negative specimens were MTD positive. Mycobacteria appearing in the cultures of three MTD-negative BALF specimens were subjected to AccuProbe or the DDH Mycobacteria test and all were identified as mycobacteria other than the M. tuberculosis complex (MOTT). Among three patients whose BALF specimens were positive in MTD but negative in smear and culture examinations, two were found to occasionally expectorate culture-positive sputum, and one patient was found by transbronchial lung biopsy (TBLB) to have tuberculous pathological changes, i. e., infiltration of epithelioid cells including Langhan's giant cells and granulomatous lesions, in the lung. Therefore these three patients were considered to have pulmonary tuberculosis. By referring to the clinical records of the patients later, it was found that among 17 BALF specimens, which were negative in MTD and smear and culture examinations, 14 specimens were from 7 patients with lung cancer or 7 patients with pneumonia and the remaining 3 specimens were from patients clinically diagnosed as having pulmonary tuberculosis.
Discussion
Since the rate of M. tuberculosis detection in CSF of tuberculous meningitis patients and PF of tuberculous pleuritis is low, the diagnosis in most of these cases has been based on characteristics of the CSF or PF, including cellular components and biochemical data, and the clinical course such as symptomatic responses to anti-tuberculosis drugs. The situation regarding tuberculous meningitis is urgent, since delay of the diagnosis that results in delay of inititation of appropriate treatment will threaten the patient's life or bring about serious sequelae. The fear of such dangers leads to a "carpet-bombing", blind administration of combination of an antibiotic, anti-tuberculosis drug, fungicide or virucide without knowing the etiology, which can result in serious side effects. Therefore, a rapid, highly sensitive and highly specific method of detecting M. tuberculosis in the CSF has been earnestly desired. In this study, though the number of cases was small, two smear-negative CSF specimens showed positive results in MTD, and thus these two patients were rapidly diagnosed as having tuberculous meningitis by MTD. It is worth noting that these patients achieved a favorable outcome in response to rapid initiation of an appropriate treatment for tuberculous meningitis. The two CSF specimens yielded growth of M. tuberculosis in cultures about 4 weeks later. Thus, if the initiation of the treatment for tuberculous meningitis had been suspended until the positive culture results were obtained, these two patients must have had a sad fate.
Elevation of the ADA value in PF has been used for diagnosing tuberculous pleuritis6)-8), and this slightly increased the reliability of diagnosis in the absence of detection of M. tuberculosis in PF. The ADA value, howerver, only reflects the response of host cells such as T-cells10,11 and cannot directly prove infection by M. tuberculosis. A highly sensitive, highly specific and rapid method for detection of M. tuberculosis in PF has been anticipated. In the present study, of the 15 smear-and culturenegative PF specimens, two specimens from two patients who were suspected of having tuberculous pleuritis based on the ADA value in PF or the positive results in smear examination of sputum were positive in MTD. Furthermore, one PF specimen, which was culture positive for M. tuberculosis but considered to be MTD negative, showed a signal of 22,381 RLU in MTD close to the cutoff value of 30,000 RLU. These results suggest that MTD is not only a rapid method for detecting M. tuberculosis in PF but its sensitivity and specificity are higher than smear and culture examination as well. Although the RLU value of the MTD-negative, culture-positive specimen described above suggested the necessity to re-examine the specimen by MTD and to reassess the cutoff value in MTD, the specimen was not retested by MTD.
